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LONG-TERM GOALS

Thelong range god is a predictve understandig of the spatid and tempora variability of
wave breakirg in the nearshorgand the impad of wave breakirg on the forcing of mean and
oscillatory fb ws, sedimemtransportand changsin large scak nearshag morphology.

SCIENTIFIC OBJECTIVES

(2) Improved modelirg of wave transformationwave breakirg distributions and surface wave stress
on barred bathymetry

(2) Improved understandig of infragravity waves their forcing by modulatiorsin wave breaking
patternstheir cross-shag variation acros the surf zone

(3) Pilot measuremesbf wave breakirg on theinner shelf
APPROACH

Thedifficut problan of understandig wave dissipatia in the nearshog is approached
throudh fietl obsevations mace acros avariety of bead profiles and unde awide range of wave
conditions Data are obtaina&l remotey from video recording of the suif zore and inner continental
shelf and image processig techniqus are usal to deted¢ and quantify wave breakirg over spatial
and temporad scalerangirg 10-10® metes and 10-100® secondsThe obsewved spatial
distributions of ensembleaverage wave breakirg distributions are usel to improve numerical
dissipatio estimatesand subsequenglapplied to parametic modek of incidert wave enagy
transformatio and mean currert forcing within the suf zone The forcing of low-frequerty
oscillatoly motion throuch spatid and temporéa variatiors of the point at which awave brealsis
being approachd through a combinatia of theoly and obsevation The relationshp of wave
breakirg to sedimemtranspotis being pursue through co-locatel video obsevatiors and
collaboratve in situ measuremesf sedimemhconcentrationturbulence and void fraction (air
concentration).

WORK COMPLETED

Recenty, continuows obsevations over a3 mont periad of wave breakirg were obtainel as
patt of the SandyDuk fietd experimen held in the summe and fall of 1997 The spatid and
temporavariatiorsin the breakirg wave fietl in and nea the surf zore were quantifid with an array
of shoe mounteal daylight and intensifid (night-time video camera mountel on towers of varying
height The relationshp of breakirg variability to the distribution of longshoe currents set-up,
suspende sedimemnconcentratiopnand ripple fields in relation to the offshore sard barsin the surf
zore and the whitecappimg on the inner shelf, is being examined collaboratvely in detal with
SandyDuk participants.


mailto:lippman@coast.ucsd.edu

RESULTS

Obsenationsof wave breakingata numberof alongshordransectspanningsereral
hundredmetersalongshorendextendingfrom the shorelineto beyondthewidth of the surfzone,
weremadecontinuouslyfor over 2 monthsduringthe 1997 SandyDuckexperimentutilizing both
daytimeandintensifiednight-timevideocameras.

Empiricalalgorithmshave beendevelopedto identify the locationof individual brealersin
digitizedtimestackimagery(Holman,et al., 1993). The precisionof identifying the maximum
intensityandleadingedgeof the brealersis estimatedo begenerallyl pixel, or within the
resolutionof theimage(0.5-1.0m). Theaccurag in detectingorealersfrom othernonbreaking
featuress estimatedat within 1-2%of thetotal identifiedbreakingwavesfor mostdays,but canbe
asmuchas5-10%for stormyperiodswhenthe contrasiat the seasurfaceis greatlyreduced.

Theidentifiedlocationof individual brealersin thetimestackss usedto comparewith other
in situ or remotesensingnstrumentatiorwithin the cameras groundfield of view. This datais being
usedto examineoccurrencesf breakingeventswith sedimentoncentratiortime seriesatthesame
spatiallocationandtime.

Thenumberof breakingwavesata givencross-shoréocationaresummecbver varioustime
intervals,normalizedby the total numberof waves,andthenusedto calibratewave transformation
modelsusedin modelingmeanflow (Reniersgt al., submittedGarcez-aria, et al., 1998;Garcez
Faria, et al., submitted).Thevariationof the breakingpatternsduring SandyDuclkwasstrongly
tidally modulatedFigurel), with adwectiondistance®f breakingwavesthroughthetroughof the
barincreasingwith thetide, aresultexpectedrom the wave breakingtransformatiormodel
includingwave rollers(LippmannandThornton,submitted)andprevious obsenationsof longshore
currentg ThorntonandKim, 1993). Surprisinglywe find strong10-30%variationsin the average
breakingpatternswith time scalesontheorderof 30-40minutes.Theorigin of thesemodulations
andtheir effect on theforcing of very long periodoscillatorymotionsandsedimensuspension
eventsis notyetknown, andis presentlybeinginvestigated.

Variationsin breakingpatternsatlonger(orderdaysto weeks)time scalesareexaminedby
usingcontinuousobsenationsover the 2 monthlong deployment. Thevariability in breaking
patterndgs determinedy combination®©f changesn incidentwave enegy, manifestedn slowly
varyingfluctuationsn surf zonewidth, andchangesn thewaterdepthdeterminedy theamplitude
andlocationof sandbarsandstrongmodulationsattidal frequencies.

A cross-shorarrayof 9 co-locatedpressuresensorandbi-directionalcurrentmetersfrom
the1990Delilah experiment(P. I. Thornton),extendingfrom the shorelineto approximatelyt.5m
depth,wereusedto estimateherelatve contributionsof gravity wavesandinstabilitiesof the
longshorecurrent(sheamwaves)to motionsin theinfragravity band(Lippmann,et al., 1998).
Outsidethe surf zonewherethe shearof thelongshorecurrentis relatvely weak,the obseredtotal
infragravity velocity to pressurevarianceratios(normalizedoy g/h ) areapproximatelyequalto 1,
consistentvith aninfragravity spectrundominatedoy gravity (edgeand/orleaky) waves.Insidethe
surfzonewherelongshorecurrentsarestronglyshearedthesenormalizedratiosaremuchlarger, up
to 8 onsomeoccasionsindicatingthatsheawavescontrituteasmuchas75% of thevelocity
variancen theinfragravity band.Enegeticsheamwavesareconfinedto the (often) narrav region of
strongshearon the seavardsideof thelongshorecurrentmaximum(Figure2), andtheir cross-shore
structureappeargo beinsensitve to the beachprofile, consistentvith thetheoreticalpredictionsby
BowenandHolman(1989).In addition,duringlow-enegy incidentwave conditions,nfragravity
pressurezariancedecreasewith increasingdepthqualitatvely consistentvith thetheoretically
predictedunshoalingandtrappingof gravity waves.However, duringhigh- enegy incidentwave
conditionstheobseredinfragravity pressurezariancesarenearlyuniformacrosshesurfzone,
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Figure 1: The spatial fraction of breakingwaves determinedover successie 5

minute intervals from timestacksspanninga 12 hour periodon 21 October1997
during the SandyDuckexperiment. Both the height of the surface plot and the
color scaling,shawn in the color bar on theright, areproportionalto the breaking
fraction. Obsenrationsshavn in the Figureextendfrom the shoreline pastthe in-

ner sandbar, andout to aboutthe secondbar crest. The breakingfraction of the

wave field approachesanity over the shallawvs of the bar, andagainnearthe shore-
line. Thefractionof brealersdecreasem the bartroughswith substantiallynore
breakingoccurringlandward of the inner bar at higher standsof the tides. Also

clearlyobsenedare15-30% fluctuationsin the breakingpatternswith time scales
ontheorderof 30-40minutes,muchlongerthantypical wave groupswith periods
of O(1-3minutes).

suggestingtrongscatteringeffectsin awide surfzone(Lippmann.et al., 1998).

Intriguingly, recentanalysisof only the cross-shor@ressurearrayfrom Delilah, indicate
thatinfragravity surfacegravity wave enepy is locally maximumover the shallovs of the sandbar
(perhapsndicatingthe presenc®f low-frequeng bartrappededgewavessimilarto obsenationsof
Bryan,et al., 1998),andappeard$o be morestronglyamplifiedwhenthe barmorphologybecomes
three-dimensiongFigure3). Thecoincidenceof increasedurbulenceproducedy high numbersof
wave breaking suggestshatthree-dimensiondarevolution may belinkedto the combinedeffects
of breakinginducedsedimeninobilizationandsuspensioandsubsequertransporiy enegetic
infragravity wavesoverthebar.

IMPACT/APPLICATIONS

Wave breakingis the principaldriving forcefor currentsmeanwaterlevel changesandlow
frequeny oscillatorymotionswithin thesurfzone,andis alsobelievedto be of orderone
importancan sedimentransportandlarge scalesandbarevolution. However, simple
parameterizationseededo describehe complicateddissipatve mechanism&ave notgenerally
beenguidedby obsenation. Only with recentadvancesn remote(video,acousticmicrovave,
infrared,radar),andin situ (void fraction)instrumentationhasquantifyingthe breakingprocess
beenpossible andimprovementsn the samplingandmodelingof wave breakingshouldleadto
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Figure2: The obsenedratio R (centerpanel),of the measuredotal infragravity
velocityto pressurearianceatio normalizedoy thetheoreticapredictionfor grav-
ity waves(g/h), over all low-tide obserationsfrom 6-8 Octoberduring the 1990
Delilahexperiment.A purelygravity wave field would begivenby valuesof R = 1,
whereas/aluesk > 1 indicatethe presencef sheawaves( R = 2 indicatesshear
wavescontribute 50% of the velocity variancein theinfragravity band).Nearlyall
of the shearwave enegy wasconfinedto a region of strongseavard shearin the
meanlongshorecurrentprofile (upperpanel),anddid not vary in accordancevith
the bathymetrigprofile (lower panel).

muchimprovedunderstandinghe kinematicsof wave breakingandits dynamicalimplications.
TRANSITIONS

Ourvideoanalysigechniqueslevelopedaspartof this researcthave beenusedto developa
guantitatve aerialvideosystemusedin USGS-sponsoreckgional studiesof the North Carolinaand
southerrCaliforniancoastlinegPI’s Lippmann,Haines andSallenger).

RELATED PROJECTS

Videodataanalysisof the 1990Delilah, 1994Duck94,and1996 MBBE experimentshas
beenexaminedin collaborationwith otherONR fundedscientists We have alsodevelopedanaerial
videosystemfor measuringhe very-lage scalenearshorenorphologyfrom time exposurevideo
imagesspanningaboutl100km of coastling(Sponsoredby theU. S. GeologicalSuney, Co-Pl's
HainesandSallenger) Thesystemis anexpansionof the ONR andUSGSsponsoregrojectsto
developvideotechniquedor measuringnearshorenorphologyandbathymetry
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Figure3: Log normalratio, E, of surfacegravity wave enepy, integratedover the
infragravity portion of the spectrumpbtainedat depthsspanninghe width of the
surf zone (subscriptm) to thatin 13 m waterdepth(subscriptn) during 16 days
of the 1990Delilah experiment.The color shadings proportionalto E, andcross-
shoredistanceis log normalizedto emphasizehe region closeto shore,andthe
locationof awell-developedsandbarat approximately80-90moffshore(log(x) =~
2.3) thatformedon 9 October Theoffshorewave enegy is shavnin theuppermanel
for referencedo the stormevents,andthetide elevationis shovn in thelower panel.
The obsened seavard decayin infragravity enegy is stronglytidally modulated,
but shaws very little associatiorwith offshorewave height. Infragravity enegy
is alsonearly uniform acrossthe surf zoneexceptfor a local maximumover the
shallavs of the bar, and becomedurther amplified as the morphologybecomes
three-dimensionatoward the end of the experiment(18-200ctober). The cross-
shorelocationof instrumentss shavn on the plot by the crossectircles(arbitrary
shavn on 8 October).
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